Introduction
The clinical course of mantle cell lymphoma (MCL) is characterized by an initially high response rate but a constant relapse pattern, resulting in poor long-term outcome. 1 However, recent studies suggest significant heterogeneity based on clinical and biologic risk factors. 2, 3 Because the median age at MCL diagnosis is Ͼ 65 years, the majority of patients do not qualify for dose-intensified regimens, which represent the current standard of care in younger patients. 4 The addition of rituximab to first-line chemotherapy has been shown in randomized trials to improve overall survival in both aggressive 5-8 and indolent 9-12 subtypes of non-Hodgkin lymphoma (NHL) and chronic lymphocytic leukemia (CLL). 13 However, this benefit has not been confirmed in MCL. 14 In MCL, the benefit of rituximab on overall survival has been suggested by the results of a recent meta-analysis 15 that included data from 3 separate trials, 14, 16, 17 with a total of 260 MCL patients. In the meta-analysis, the calculated hazard ratio (HR) for death was 0.60 (95% confidence interval [CI] 0.37-0.98), indicating a significant advantage for patients receiving rituximab plus chemotherapy compared with chemotherapy alone. However, there was significant heterogeneity among these trials, and when 48 patients from one trial of rituximab in relapsed or refractory disease 16 were removed, the HR for death, while still suggestive (HR ϭ 0.78), was no longer statistically significant.
Additional indirect evidence of a survival benefit for rituximab in MCL comes from a historical comparison of patients treated by the German Low Grade Lymphoma Study Group (GLSG; 1996 with patients treated by the Kiel Lymphoma Study Group (KLSG; 1975 -1986 . 18 KLSG patients were treated with cyclophosphamide, vincristine, and prednisone (COP, also known as the Bagley regime) or cyclophosphamide, vincristine, doxorubicin, and prednisone (CHOP), whereas patients from GLSG were treated with mitoxantrone, chlorambucil, and prednisone (MCP), CHOP, or rituximab plus CHOP (R-CHOP). Patients from the 2 groups were matched, and overall survival was compared. The median overall survival rate was 2.7 years in the KLSG study compared with 4.8 years in the GLSG study (P Ͻ .0001), and the 5-year survival rates were 22% and 47%, respectively (P Ͻ .05), suggesting that use of immunochemotherapy in the GLSG patients contributed to the observed differences in overall survival. These studies notwithstanding, the only published randomized trial of rituximab added to chemotherapy in previously untreated patients with MCL showed no difference in overall survival, with a 2-year probability of 76.6% overall (P ϭ .93 for the difference between the 2 groups). 14 Whereas they are not a substitute for randomized trials, observational data can be used to study treatment effects: (1) in routine clinical practice, where treatment patterns may differ from those in trials; (2) in populations that are underrepresented in trials, such as the elderly, those with comorbidities, and those with early or advanced stage disease; and (3) where for epidemiologic or logistical reasons it may be difficult to conduct a trial. For example, according to the Surveillance Epidemiology and End Results (SEER) database of the National Cancer Institute (NCI), among those diagnosed with NHL in the United States from 2000-2007, 44% of diffuse large B-cell lymphoma, 48% of follicular lymphoma (FL), 63% of MCL, and 69% of CLL patients were Ն 65 years of age at diagnosis. 19 In contrast to the underlying age distribution of the NHL population as a whole, patients in many of the randomized trials of front-line immunochemotherapy in NHL were considerably younger. 9,11-13 Because older age is among the risk factors for overall survival in the International Prognostic Index (IPI), 20 the Follicular Lymphoma International Prognostic Index (FLIPI), 21 and the MCL International Prognostic Index (MIPI), 22 this raises the question of whether survival outcomes in younger, healthier patients enrolled in clinical trials might accurately reflect outcomes in the general patient population. The purpose of the present study was to examine the survival impact of adding rituximab to first-line chemotherapy in a cohort of older MCL patients treated in routine clinical practice.
Methods

Data source
The source of data for this study was the NCI's SEER cancer registry linked to Medicare enrollment and claims data. This database has been described in detail elsewhere. 23 Briefly, as of 2010, SEER collects and publishes cancer incidence and survival data from 18 population-based cancer registries throughout the United States covering ϳ 26% of the US population. 24 SEER coverage includes 23% of African Americans, 40% of Hispanics, 42% of Native Americans, 53% of Asians, and 70% of Hawaiian/Pacific Islanders.
The registries routinely collect data on patient demographics, primary tumor site, tumor morphology and stage at diagnosis, first course of treatment, and follow-up for vital status. In the SEER-Medicare data, cancer registry data are linked to Medicare enrollment and claims data. For persons 65 years of age or older, 97% are eligible for Medicare, and 93% of patients in the SEER files are matched to the Medicare enrollment file. 25 Almost all Medicare beneficiaries have Part A coverage, which includes hospital, skilled nursing facility, hospice, and some home health care, and 96% of Part A beneficiaries choose to enroll in Part B of Medicare, which covers physician and outpatient services. At the time this study was performed, the SEER-Medicare linkage included all Medicare-eligible persons appearing in the SEER data through 2005 and their Medicare claims through 2007.
Medicare claims files linked to SEER consist of the following: Medicare Provider Analysis and Review (MEDPAR), which includes all hospital (Part A) short-stay, long-stay, and skilled nursing facility bills; National Claims History (NCH), which includes all physician/supplier (Part B) bills; Outpatient, which includes all bills from institutional outpatient (Part B) providers; Home Health Agency (HHA), which includes all claims for home health services; Hospice; and Durable Medical Equipment (DME). The Medicare benefit for oral drugs (Part D) began on January 1, 2006, and claims for oral drugs without an intravenous equivalent were not available for our study.
Inclusion and exclusion criteria
Patients were included in this study if they were diagnosed with MCL between January 1, 1999 and December 31, 2005, MCL was the first primary cancer diagnosed, and they began infused chemotherapy within 180 days following diagnosis. Identification of MCL was made using the World Health Organization (WHO) International Classification of Diseases for Oncology, 3rd Edition (ICD-O-3) histology code 9673 (MCL). 26 The NCI provides a comprehensive list, the International Classification of Diseases (9th revision), Clinical Modification (ICD-9-CM) diagnosis and procedure codes, and Healthcare Common Procedure Coding System (HCPCS) "J" codes, which are used to identify claims for immunochemotherapy. [27] [28] [29] The HCPCS codes are for specific drugs, whereas the ICD-9-CM codes indicate only that chemotherapy was provided but do not identify the types of drugs used. We searched the Medicare NCH and Outpatient files for HCPCS codes to identify patients who began infused chemotherapy with or without rituximab within 180 days after MCL diagnosis. In addition, to ensure complete claims history, patients had to have been enrolled in both Medicare Parts A and B, with no health maintenance organization (HMO) coverage for 12 months before MCL diagnosis. Patients were excluded for the following reasons: diagnosis before age 65, diagnosis made by death certificate or autopsy, death within the first month after diagnosis, or Medicare enrollment Ͻ 12 months before diagnosis. Furthermore, we excluded patients who had only ICD-9-CM codes for chemotherapy because we were unable to classify the type of chemotherapy regimen these patients received, and we also excluded those who received rituximab monotherapy.
Patients and variables
Patients were described according to their demographic, clinical, and socioeconomic characteristics. Patient age at diagnosis was stratified into 4 groups: 66-70, 71-75, 76-80, and Ͼ 80 years. Requiring eligible patients to have at least one year of Medicare enrollment before diagnosis ensured that the minimum age in the cohort was 66 years. Race/ethnicity was defined using the SEER recoded race variable as follows: white, code 01; black, code 02; Hispanic, code 11; and other, which in SEER consists predominantly of Native American, Native Hawaiian or Other Pacific Islander, and Asian. 30 Summary staging is the approach SEER uses to categorize how far a cancer has spread from its point of origin. 31 It uses all information available in the medical record, and is a combination of the most precise clinical and pathologic documentation of the extent of disease. All patients were classified according to whether their disease was confined to one or more lymph node regions or involved an extralymphatic organ or site (extranodal).
Medicare claims do not contain the results of laboratory tests. Therefore, it was not possible to obtain directly information on elevated leukocyte count and lactate dehydrogenase (LDH) level, 2 independent prognostic factors for overall survival in the MIPI. 22 In lieu of laboratory data on elevated leukocyte count, we searched Medicare claims, excluding claims for laboratory tests, to identify patients diagnosed with leukocytosis (ICD-9-CM codes 288.3 or 288.8) 32 from 12 months before MCL diagnosis until the day before first-line immunochemotherapy began. Medicare nonlaboratory claims also were used to identify anemia, as described previously. 33 Another prognostic factor for overall survival in MIPI 22 that is not included in SEER-Medicare, is Eastern Cooperative Oncology Group (ECOG) performance status. 34 In the absence of performance status, we used Medicare claims to identify several claims-based predictors of poor performance status, 35 including the use of oxygen and related respiratory therapy supplies, wheelchairs and supplies, home health agency use, and skilled nursing facility use, all from 12 months before until 30 days after MCL diagnosis. Individual services were combined into a score of 0 (none) or 1 (use of any service).
We used the Medicare inpatient (Part A), outpatient, and physician (Part B) records to calculate an NCI Comorbidity Index score for each patient. 36, 37 This approach 38,39 entails first removing claims that are considered to have unreliable diagnosis coding, such as those for testing procedures used to rule out conditions. Then, remaining diagnosis and procedure codes are used to identify the 15 noncancer comorbidities in the Charlson Comorbidity Index (CCI). 40 The algorithms used to identify these conditions reflect the Deyo 41 adaptation of the CCI, and include several procedure codes from the Romano 42 adaptation. A weight is assigned to each condition, and the weights are summed to obtain the index for each patient. Socioeconomic information at the patient level is not available through SEER-Medicare. Instead, the SEER-Medicare dataset contains information from the 2000 Census reported at the tract level in which the patient lives, the percentage of the population living in poverty, and the percentage of those 25 years of age or older with some college. We used these as indicators of the socioeconomic status of individual patients in the cohort. The assigned metropolitan statistical area as recoded by SEER (large metropolitan, metropolitan, urban, and less urban/rural) was used as a geographic indicator.
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First-line therapy
We used the Medicare NCH and Outpatient files to identify all claims containing a HCPCS "J" code for chemotherapy (J9000-J9999) or rituximab (J9310) within 30 days after the first such claim. [27] [28] [29] Patients were then classified as having received chemotherapy with or without rituximab as first-line therapy on the basis of these claims. In addition, we identified specific chemotherapy agents used during the first 30 days of claims, consisting of cyclophosphamide (J8530, J9070, J9080, J9090-J9097), doxorubicin (J9000, J9001), vincristine (J9370, J9375, J9380), and mitoxantrone (J9293) according to treatment guidelines. 43 These claims were used to classify chemotherapy regimens as CHOP or CHOP-like (cyclophosphamide, vincristine, prednisone [CVP] or cyclophosphamide, mitoxantrone, vincristine, prednisone [CNOP] ) and "other" chemotherapy regimen. The use of prednisone was assumed when the other agents were present. All codes recommended by the NCI 28 were used to identify radiation therapy. The end of first-line therapy was defined as the date of the last chemotherapy or radiation claim before the beginning of a period of at least 90 days in which there was no claim for either chemotherapy or radiation.
Follow-up and survival
Patients were followed from their date of cancer diagnosis until death, the end of their claims (December 31, 2007), or the end of their Medicare Part A and/or Part B coverage, whichever came first. The first day of the SEER month of diagnosis was assigned as the day of diagnosis. The observation period was divided into 2 discrete intervals: (1) from the date of diagnosis until 90 days after the end of first-line therapy and (2) from 91 days after the end of first-line therapy until the end of the observation period.
The date of death was assigned using the Medicare date because it is more current than the SEER date. 44 In cases in which the Medicare date of death was missing, the SEER date was used. The cause of death was classified as cancer or noncancer using the "CODKM" variable in the SEER Patient Entitlement and Diagnosis Summary File through 2007. Cancer mortality included all deaths due to cancer, not just those due to lymphoma. Noncancer mortality included all other identified causes of death such as heart disease or diabetes; however, it excluded missing or unspecified cause of death. These patients were censored at the time of death in both the cancer and noncancer survival analyses because exploratory analysis showed that almost 90% of those with a known cause of death died of cancer. Consequently, including them in the group of noncancer deaths could have resulted in significant misclassification. All other patients were assumed to be alive at the end of the analysis period (December 31, 2007) if not censored earlier for other reasons such as switching to HMO coverage.
Time to second-line therapy
We defined second-line therapy as any new Medicare claim for chemotherapy or radiation Ͼ 90 days after the end of first-line therapy based on algorithms reported previously in the literature that used claims data to identify cancer relapse in leukemia 45 and breast cancer. 46 Therefore, to be considered at risk for receiving second-line therapy, patients had to survive at least 90 days after the end of first-line therapy without additional therapy.
Statistical analysis
Analysis ( 2 ) was used to test for the independence between patient characteristics specified as categorical variables and the 2 first-line treatment groups. ANOVA was used to test for independence of continuous variables. Unadjusted Kaplan-Meier survival plots were used to explore overall survival and time to next therapy stratified by the first-line treatment groups.
Cox proportional hazards models were used to examine adjusted associations between patient factors and both survival and time to next treatment. Rituximab patients tended to be diagnosed in later years and to have shorter observation periods; therefore, the primary survival analyses were limited to 2 years. Exploratory survival analysis showed that patients who received chemotherapy alone had significantly improved 2-year overall survival in later (2003-2005) compared with earlier (1999-2002) years of diagnosis. However, there was no change in 2-year overall survival between later and earlier years in the patients who received rituximab plus chemotherapy. Therefore, we included year of diagnosis, as well as an interaction term between year of diagnosis and type of first-line therapy, as independent variables in all of the models.
Additional survival analyses were conducted using the entire observation period, using cancer and noncancer mortality as the outcomes, and restricting the cohort to those who received CHOP/CHOP-like therapy. Finally, all of the survival analyses were repeated using propensity techniques, 47 which entailed using multivariate logistic regression to obtain the propensity score, with rituximab plus chemotherapy as the outcome variable and all other patient variables except year of diagnosis and the interaction term between year of diagnosis and treatment as independent variables. In the propensity score survival analyses, patients were divided into propensity score quintiles, and propensity quintile was included in the multivariate survival models as an independent variable in lieu of all patient factors except treatment, year, and the interaction term.
This study was conducted as part of a protocol submitted to Quorum Review Institutional Review Board. On December 1, 2009, Quorum granted a determination of exemption for this protocol, based on the fact that the information in the data files is recorded in such a manner that subjects cannot be identified either directly or through identifiers linked to them.
Results
We identified 992 patients diagnosed with MCL between 1999 and 2005. Of these, 694 (70%) had at least one HCPCS claim for infused chemotherapy at any time during the observation period and 638 (92%) of these had their first claim within 180 days of diagnosis ( Figure 1 ) and were included in the final cohort. (Table 1 ) Twenty-one patients were excluded because they had only ICD-9-CM diagnosis or procedure codes for chemotherapy, and a further 17 were excluded because they received only rituximab within 6 months after diagnosis.
Patients in the final cohort accounted for 1727 years of follow-up, with a median of 2.3 years. Overall, the median age at diagnosis was 74 years (mean, 75 years), 58% were diagnosed with stage IV disease, 67% had extranodal disease, and 64% received first-line rituximab in addition to their chemotherapy. Patients in the 2 first-line treatment groups were similar with respect to age, sex, race, extranodal involvement, presence of "B" symptoms, and NCI Comorbidity Index score. Those who received rituximab were diagnosed later in the study period. They were more likely to live in a census tract with a more highly educated and affluent population. For personal use only. on July 23, 2017. by guest www.bloodjournal.org From
Treatment
The mean duration of first-line therapy was 21 weeks (95% CI, 19-22 weeks) overall, 20 weeks (95% CI, 18-22 weeks) for rituximab plus chemotherapy, and 21 weeks (95% CI, 19-23 weeks) for chemotherapy alone (P ϭ .76 for the difference between the 2 treatment groups). In the rituximab plus chemotherapy group, the median number of rituximab administrations during first-line therapy was 6 (interquartile range [IQR] 4-7), and 51% (208 of 407) received CHOP. In the chemotherapy alone group, 34% (78/231) received CHOP alone (P Ͻ .001 for the difference between groups; Table 2 ). Only 3 patients received stem cell transplantation: 2 in the rituximab plus chemotherapy group and 1 in the chemotherapy alone group.
Survival
There were 411 deaths during the observation period: 307 (75%) were classified as cancer, 41 (10%) were classified as noncancer, and the remaining 63 (15%) were classified as missing or unknown. The latter were included in the overall survival analyses, but censored in the cancer and noncancer survival analyses. Median survival was 37 months (95% CI, 33-44 months) for rituximab plus chemotherapy and 27 months (95% CI, 20-31 months) for chemotherapy alone ( Figure 2) ; the percentages of patients remaining alive 2 years after the beginning of first-line therapy were 63% and 52%, respectively (P Ͻ .001).
Multivariate survival analyses based on up to 2 years of follow-up from the beginning of first-line therapy showed that rituximab was associated with statistically significantly lower all-cause mortality (HR ϭ 0.58; 95% CI 0.41-0.82; P Ͻ .01) and cancer mortality (HR ϭ 0.56; 95% CI 0.37-0.84; P Ͻ .01), but not noncancer mortality (HR ϭ 0.83; 95% CI 0.25-2.80; P ϭ .77; Table 3 ). Advanced stage III/IV (compared with localized stage I/II) and older age were associated with higher cancer but not noncancer mortality. Female sex and later year of diagnosis were associated with lower cancer but not noncancer mortality. The presence of "B" symptoms was associated with lower all-cause mortality, but the HRs for cancer and noncancer mortality failed to meet the threshold for statistical significance (P Յ .05). The interaction term between type of first-line therapy and year of diagnosis did not meet the threshold for statistical significance in any of the models. Results of multivariate analyses using the entire observation period and those using propensity techniques were comparable to those based on 2 years of follow-up using standard multivariate techniques (Figure 3 ).
There were 415 patients (65%) who received CHOP/CHOP-like therapy. In unadjusted survival analysis (Figure 4) , rituximab plus CHOP/CHOP-like chemotherapy was associated with significantly lower all-cause mortality than CHOP/CHOP-like chemotherapy alone. As shown in Figure 4 , separation in the mortality curves coincided with the average time to the end of first-line therapy. In multivariate survival analysis, rituximab was associated with significantly lower all-cause and cancer mortality at 2 years (HR for cancer mortality ϭ 0.39; 95% CI 0.23-0.67; P Ͻ 0. 001).
Time to second-line treatment
Of the entire cohort, 502 (79%) patients survived at least 90 days after the end of first-line therapy with no chemotherapy or radiation during this period and were at risk of receiving second-line treatment. The median time to second-line treatment was 11 months and was similar in the 2 first-line treatment groups (P ϭ .48). In multivariate analysis, there was no difference in the rate of second-line treatment between those who received first-line rituximab plus chemotherapy and those who received chemotherapy alone (HR ϭ 0.89: 95% CI 0.67-1.20: P ϭ .46).
Discussion
Using SEER-Medicare data, we identified a cohort of 638 patients who were diagnosed with MCL between 1999 and 2005 and who began chemotherapy with or without rituximab within 180 days of diagnosis. We performed a wide range of multivariate analyses to examine adjusted associations between rituximab use and survival, including varying the time horizon, looking separately at cancer and noncancer mortality, including only patients with CHOP/CHOPlike chemotherapy, and using propensity score quintile in lieu of most individual patient variables in the models. Our findings show that adding rituximab to first-line chemotherapy was associated with significantly improved overall and cancer survival at 2 years and over the entire observation period. The results of the analyses using propensity score techniques were consistent with those analyses that included individual patient factors. Rituximab had no impact on noncancer mortality or on the time to next treatment in the subset of patients who completed first-line therapy.
One important question is why did we not observe differences in time to second-line treatment in the presence of differences in overall survival? The Kaplan-Meier survival analyses (Figures 2 and 4) show that almost all of the separation in the survival curves of the 2 first-line treatment groups occurred within 6-9 months after the start of therapy. In our analysis of time to next treatment, we included only patients who survived at least 90 days without chemotherapy or radiation after the end of first-line therapy, and we began the observation period for this analysis at the end of that 90-day interval. We established these criteria to avoid misclassifying short interruptions in first-line therapy as second-line treatment. As a result, however, our criteria may have inadvertently introduced a "survivor bias" in that only the healthiest For personal use only. on July 23, 2017 . by guest www.bloodjournal.org From patients in each of the 2 treatment groups were included in the time to next treatment analysis.
Our study population and findings do differ considerably from those previously reported based on a randomized clinical trial of rituximab added to first-line therapy for MCL. 14 For example, the median age was 74 years in this study, compared with 62 years in the previous study. In addition, 63% of patients in this study had stage IV disease, compared with 79% in the previous study, and the 2-year survival probability was 59% in this study compared with 77% in the previous study. In the GLSG trial, the Kaplan-Meier curve for overall survival shows virtually no separation between the 2 treatment groups during the limited follow-up (median ϭ 18 months). In our study, the treatment groups began to separate within 6 months of beginning treatment. Older age is an independent prognostic factor for overall survival included in the MIPI, 22 and in this study, we found that older age was associated with significantly higher overall and cancer mortality.
Several observational studies have examined patterns of rituximab use and outcomes in NHL using SEER-Medicare data. 33, 48, 49 One common characteristic of studies conducted with SEER-Medicare data is that because almost all of those eligible for Medicare insurance qualify by virtue of older age, these studies usually include only patients Ն 65 years of age or Ն 66 years of age if the first year of Medicare claims is used to calculate an NCI Comorbidity Index score. 26, 27 Two SEERMedicare studies in NHL, one in FL 48 and one in CLL, 33 used multivariate analysis to compare overall survival in patients receiving chemotherapy with or without rituximab. The FL study included Ͼ 1100 patients diagnosed with FL between 1999 and 2005 who received first-line chemotherapy with or without rituximab and who were followed for overall survival from the beginning of treatment until the end of the observation period (December 2007). The median age at diagnosis was 73 years, compared with age 52-57 years, depending on treatment group, in 3 phase 3 trials of front-line chemotherapy with or without rituximab in FL. 9, 11, 12 The multivariate analysis of overall survival in the SEER-Medicare study showed a significant advantage for rituximab (HR ϭ 0.62; P Ͻ .0001), which was similar to that reported by Marcus et al in their trial comparing R-CVP with CVP (HR ϭ 0.60). 11 In the SEERMedicare CLL study, multivariate analysis of 1721 patients who received first-line chemotherapy with or without rituximab showed that immunochemotherapy was associated with a 25% lower risk of death compared with chemotherapy alone (HR ϭ 0.75; 95% CI 0.62-0.91). When the analysis was restricted to 737 patients who received fludarabine-containing chemotherapy, rituximab plus chemotherapy was associated with a 42% reduction in mortality (HR ϭ 0.58; 95% CI 0.40-0.84) versus chemotherapy alone. By comparison, Hallek et al 13 reported an HR for overall survival of 0.67 (95% CI Multivariate survival analysis-sensitivity analysis on HRs for rituximab plus chemotherapy. This figure presents the results of 3 sets (all-cause mortality, cancer mortality, and noncancer mortality) of 4 multivariate survival analyses (2 for survival during the entire observation period and 2 for survival during the first 2 years of follow-up) designed to test the sensitivity of the findings reported in Table 3 to changes in the specification of the outcome variable and the approach to multivariate analysis. Standard multivariate survival analyses (*) were performed with all individual patient variables included in the model. Propensity multivariate survival analyses (**) were performed with propensity score quintile included in the model as a substitute for all patient variables except rituximab plus chemotherapy, year of diagnosis, and the interaction between year of diagnosis and rituximab plus chemotherapy. The third analysis in each of the 3 major groupings (all-cause mortality, cancer mortality, and noncancer mortality), labeled as Standard MV* 2 year follow-up, is the "baseline" analysis included in Table 3 . The y-axis indicates the HR for rituximab plus chemotherapy compared with chemotherapy alone. Triangles represent the estimated HR for rituximab plus chemotherapy compared with chemotherapy alone from the corresponding model on the x-axis. Bars around each triangle represent the upper and lower bounds of the 95% CI for the HR. CIs that overlap the horizontal line at the HR of 1.0 indicate that the estimated HR for rituximab plus chemotherapy is not significant at P ϭ .05. 0.48-0.92]) for rituximab plus fludarabine and chlorambucil (FC) compared with FC alone.
As with any study using observational data to examine the benefits of therapies or other interventions, the main threat to the validity of our findings is selection bias, in which unobserved factors influence both treatment selection and the outcome of interest. 50 A limitation of SEER-Medicare is that presently it does not contain data on LDH, leukocyte count, and ECOG performance status, 3 of the 4 independent prognostic factors for MCL overall survival included in the MIPI. 22 In lieu of these variables, we included claims-based indicators of elevated leukocyte count and poor performance status, 35 and whereas we did find that having at least one indicator of poor performance was associated with a 52% increase in the risk of death at 2 years, the validity of these variables has not been confirmed using actual laboratory values or ECOG performance scores.
In this study, rituximab use increased rapidly over time, meaning that patients diagnosed in later years were more likely to receive it. This may have introduced several possible sources of bias, including shorter follow-up for patients who received rituximab plus chemotherapy and secular trends in the assignment of patients to different chemotherapy regimens and in the use of supportive care. Before deciding on the final specification of the multivariate models, we divided patients into those who received and those who did not receive rituximab with first-line chemotherapy. In the chemotherapy alone group, we found that a 2003-2005 year of diagnosis was associated with significantly lower mortality than a diagnosis in 1999-2002. In contrast, in the group that received rituximab plus chemotherapy, year of diagnosis was not associated with mortality. One possibility is that as rituximab became the standard of care, chemotherapy alone was more likely to be reserved for those with a better prognosis. This is supported by the fact that patients who received chemotherapy alone and were diagnosed in 2003-2005 tended to be younger and diagnosed with an earlier stage of disease that those who were diagnosed in 1999-2002. Although we adjusted for these factors in all the multivariate models, differences in age and stage at diagnosis suggest the possible existence of other unobserved differences such as in LDH, leukocyte count, and ECOG performance status. In this case failing to include year of diagnosis as an independent variable in the survival analyses could have resulted in underestimating the survival benefit of rituximab, because if selection bias does exist in our analyses, overall it appears to favor patients who received chemotherapy alone.
To adjust for differences in the length of follow-up between the treatment groups, we restricted the primary survival analyses to 2 years. We conducted analyses that only included patients with CHOP or CHOP-like therapy because the majority received these regimens, and we found results similar to those based on analyses that included all patients and the entire observation period. We did not look for dose-intensified regimens that have been shown to improve progression-free and overall survival, and only 3 patients in the cohort received stem cell transplantation. Based on the age distribution of our study population, it is likely that only a minority of patients would have qualified for dose-intensified regimens.
As discussed above, selection bias is the most critical issue in analyses of observational data. One potential indication of selection bias in survival analysis is that treatment differences in noncancer mortality are as large as, or larger than, the differences in cancer mortality. 50 In our study, we found a statistically significant difference in cancer mortality favoring rituximab in each of the analyses we performed, but no difference in noncancer mortality in any of the analyses. Despite this finding, no approach can be sure to eliminate selection bias in observational research. Therefore, we cannot rule out the possibility that part of the difference in overall survival is because of unobserved differences between the treatment groups. It is not clear whether accounting for these differences would have increased or decreased the treatment effects we observed.
Our findings suggest that first-line chemotherapy including rituximab is associated with significantly improved survival in older patients diagnosed with MCL compared with chemotherapy alone. However, because of the limitations inherent in studies based on observational data, these findings should be confirmed in prospective clinical trials.
